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7KH UXPLQDO VWDELOLW\ RI 0HSURQ 0 �� DQG WKH HIIHFW RI VXSSOHPHQWDWLRQ ZLWK

0HSURQ 0 �� RQ IUHH PHWKLRQLQH OHYHO RI EORRG ZHUH VWXGLHG LQ UXPHQ�ILVWXODWHG

FRZV DQG UXPHQ� DQG GXRGHQXP�ILVWXODWHG JURZLQJ EXOOV� ,Q ILYH UXPHQ�ILVWXODWHG

FRZV LQ VLWX ����� DQG ����� RI WKH PHWKLRQLQH FRQWHQW RI 0HSURQ 0 �� ZDV IRXQG

DIWHU UXPLQDO LQFXEDWLRQ RI �� K DQG �� K� UHVSHFWLYHO\� 'DLO\ UDWLRQV RI WKH UXPHQ�

ILVWXODWHG FRZV ZHUH VXSSOHPHQWHG ZLWK ���� J '/�PHWKLRQLQH DQG ���� J 0HSURQ

0 ��� ZKLFK LQFUHDVHG WKH IUHH PHWKLRQLQH OHYHO RI EORRG IURP ����� �PRO�/ WR

����� DQG ����� �PRO�/� UHVSHFWLYHO\� WKUHH KRXUV DIWHU IHHGLQJ� ,Q WKH IRXU UXPHQ�

DQG GXRGHQXP�ILVWXODWHG JURZLQJ EXOOV� VXSSOHPHQWDWLRQ ZLWK ���� J '/�PHWKLRQLQH

DQG ���� J 0HSURQ 0 �� LQFUHDVHG WKH WRWDO PHWKLRQLQH JHWWLQJ LQWR WKH GXRGHQXP

GXULQJ �� K IURP ����� J WR ����� DQG ����� J� UHVSHFWLYHO\� 7KH LQIOXHQFH RI 0H�

SURQ 0 �� RQ PLON SURGXFWLRQ ZDV VWXGLHG LQ �� SDLUV RI +XQJDULDQ )OHFNYLHK î

+ROVWHLQ�)ULHVLDQ FRZV� 7KH DQLPDOV ZHUH FRXSOHG RQ WKH EDVLV RI WKH QXPEHU RI

ILQLVKHG ODFWDWLRQV� PLON SURGXFWLRQ LQ WKH SUHYLRXV ODFWDWLRQ� DQG WKH GDWH RI FDOYLQJ�

'DLO\ VXSSOHPHQWDWLRQ RI ���� J 0HSURQ 0 �� LQFUHDVHG GDLO\ PLON SURGXFWLRQ VLJ�

QLILFDQWO\ �S � ������ E\ ���� OLWUHV� 0LON IDW FRQWHQW DOVR LQFUHDVHG VLJQLILFDQWO\

�IURP ����� WR ������ S � ����� LQ WKH H[SHULPHQWDO JURXS� 7KH VXSSOHPHQWDWLRQ

GLG QRW LQIOXHQFH PLON SURWHLQ FRQWHQW�

.H\ ZRUGV� 3URWHFWHG PHWKLRQLQH� 0HSURQ 0 ��� E\SDVV PHWKLRQLQH

0LFURELDO SURWHLQ V\QWKHVLV LQ WKH UXPHQ LV RI HVVHQWLDO LPSRUWDQFH LQ WKH

SURWHLQ DQG DPLQR DFLG VXSSO\ RI UXPLQDQWV� VLQFH PLFURELDO SURWHLQ PD\ PHHW

��±��� RI WKH SURWHLQ UHTXLUHPHQW GHSHQGLQJ RQ WKH SURGXFWLRQ OHYHO �6FKLH�

PDQQ� ������ ,WV SUHFRQGLWLRQ LV WKH SHUIHFW HQHUJ\ VXSSO\ RI DQLPDOV� VLQFH PL�

FURELDO V\QWKHVLV LV D KLJKO\ HQHUJ\�GHPDQGLQJ SURFHVV� $FFRUGLQJ WR +DJH�

PHLVWHU DQG .DXIPDQQ ������� ��� J RUJDQLF PDWWHU SURYLGHV HQHUJ\ IRU WKH

V\QWKHVLV RI �� J PLFURELDO SURWHLQ LQ WKH UXPHQ� ,Q WKH QXWULHQW UHTXLUHPHQWV

SXEOLVKHG E\ $5& ������ LW LV VXSSRVHG WKDW ����� J PLFURELDO SURWHLQ LV SUR�

GXFHG IURP ��� J GLJHVWLEOH RUJDQLF PDWWHU �'20�� 7KH QHZ +XQJDULDQ SURWHLQ

HYDOXDWLRQ V\VWHP �6FKPLGW HW DO�� ����� FRQVLGHUV WKDW ��� J IHUPHQWDEOH RU�

JDQLF PDWWHU �)20� LV VXIILFLHQW IRU WKH V\QWKHVLV RI ��� J PLFURELDO SURWHLQ�

������������������������������������������������
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,W LV NQRZQ WKDW PLFURELDO SURWHLQ LQFOXGHV OHVV PHWKLRQLQH WKDQ FDVHLQ�

WKHUHIRUH VHYHUDO VFLHQWLVWV FRQVLGHU PHWKLRQLQH DV WKH ILUVW OLPLWLQJ DPLQR DFLG

IRU PLFURELDO SURWHLQ V\QWKHVLV �)LVFKHU� ����; 6FKHOOLQJ HW DO�� ����; %URGHULFN
HW DO�� ����; &ODUN� ����; 6FKZDE HW DO�� ����; ,OOJ HW DO�� ������

,Q WKH ILUVW WKLUG RI ODFWDWLRQ RI KLJK�\LHOGLQJ GDLU\ FRZV� LW RIWHQ RFFXUV

WKDW WKH HQHUJ\ UHTXLUHPHQW LV QRW PHW DQG WKDW GHFUHDVHV PLFURELDO SURWHLQ SUR�

GXFWLRQ LQ WKH UXPHQ� 7KLV� WRJHWKHU ZLWK LQVXIILFLHQW PHWKLRQLQH VXSSO\� FDQ UH�

VXOW LQ WKH OLPLWDWLRQ RI PLON SURGXFWLRQ� ([SHULPHQWDO UHVXOWV� ZKLFK VKRZ WKDW

'/�PHWKLRQLQH DGPLQLVWHUHG GLUHFWO\ LQWR WKH DERPDVXP RU VPDOO LQWHVWLQH DQG

PHWKLRQLQH SURGXFWV RI ORZ UXPHQ GHJUDGDELOLW\ FDQ LQFUHDVH PLON SURGXFWLRQ RI

FRZV� DUH H[SODLQDEOH �5RJHUV DQG 0F/HD\� ����; 'DXJDDUG� ����; .DXIPDQQ DQG
/�SSLQJ� ����; /HWWQHU� ����; %XUJVWDOOHU HW DO�� ����D; /HLEHWVHGHU HW DO�� ������

%DVHG XSRQ WKHVH IDFWV� VRPH H[SHULPHQWV XVLQJ D E\SDVV PHWKLRQLQH

SURGXFW� 0HSURQ 0 ��� ZHUH SHUIRUPHG WR DQVZHU WKH IROORZLQJ TXHVWLRQV�

�L� +RZ VWDEOH LV WKH PHWKLRQLQH SURGXFW 0HSURQ 0 �� LQ WKH UXPHQ DQG KRZ

PXFK RI LW FDQ HVFDSH IURP WKH UXPHQ ZLWKRXW GHJUDGDWLRQ" �LL� :KDW NLQG RI HI�

IHFW GRHV 0HSURQ 0 �� KDYH RQ WKH IUHH PHWKLRQLQH OHYHO RI WKH EORRG SODVPD"

�LLL� +RZ GRHV 0HSURQ 0 �� LQIOXHQFH WKH PLON SURGXFWLRQ RI GDLU\ FRZV LQ WKH

ILUVW WKLUG RI ODFWDWLRQ"

0DWHULDOV DQG PHWKRGV

0HSURQ 0 �� LV D E\SDVV PHWKLRQLQH SURGXFW ZKLFK FRQWDLQV ��� '/�

PHWKLRQLQH HQFDSVXODWHG �PDQXIDFWXUHG E\ 'HJXVVD $*� +DQDX� *HUPDQ\�� 7KH

UXPLQDO VWDELOLW\ RI 0HSURQ 0 �� ZDV H[DPLQHG LQ VLWX LQ � UXPHQ�ILVWXODWHG

GDLU\ FRZV� 7KH FRZV ZHUH +XQJDULDQ )OHFNYLHK î +ROVWHLQ )ULHVLDQ 5� FURVVHV

DQG ZHUH LQ WKH ODVW WKLUG RI ODFWDWLRQ� %DJV PDGH RI 6FU\QHO ZLWK D SRUH GLDPH�

WHU RI �� �P ZHUH XVHG� 7KH LQFXEDWLRQ SHULRGV ZHUH �� �� �� �� ��� �� DQG �� K�

7KH UXPLQDO VWDELOLW\ RI WKH PHWKLRQLQH SURGXFW ZDV FKHFNHG WKUHH WLPHV IRU

HDFK LQFXEDWLRQ WLPH� $IWHU LQFXEDWLRQ� HDFK EDJ ZDV ZDVKHG � WLPHV IRU �� PLQ

ZLWK FROG WDS�ZDWHU WR UHPRYH UHVLGXHV RI UXPHQ MXLFH� :DWHU ZDV FKDQJHG DIWHU

HDFK ZDVKLQJ SHULRG� 6LQFH 0HSURQ 0 �� FRQWDLQV RQO\ IUHH '/�PHWKLRQLQH

�DQG QR SURWHLQ�� WKH PHWKLRQLQH OHIW LQ WKH EDJV DIWHU LQFXEDWLRQ ZDV GHWHUPLQHG

ZLWK D LRGRPHWULF PHWKRG �'HJXVVD $QDO\WLN�$QDO\VLV� ������

7KH HIIHFW RI 0HSURQ 0 �� RQ IUHH PHWKLRQLQH OHYHO RI WKH EORRG SODVPD

ZDV VWXGLHG LQ D SHULRGLFDO WULDO XVLQJ � GDLU\ FRZV� 7KH WULDO LQFOXGHG RQH FRQ�

WURO DQG WZR H[SHULPHQWDO SHULRGV� (DFK SHULRG WRRN �� GD\V� SUH�IHHGLQJ ZDV RI

� GD\V GXUDWLRQ DQG WKH PHDVXUHPHQW SHULRG ODVWHG � GD\V� %ORRG VDPSOHV ZHUH

WDNHQ GDLO\ IURP WKH MXJXODU YHLQ � K DIWHU IHHGLQJ� DV LQ RXU H[SHULHQFH WKH PH�

WKLRQLQH FRQWHQW RI WKH EORRG SODVPD UHDFKHV LWV SHDN LQ WKH �
UG
KRXU DIWHU IHHG�

LQJ� )UHH PHWKLRQLQH FRQWHQW RI WKH EORRG SODVPD ZDV GHWHUPLQHG E\ LRQ�
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H[FKDQJH FROXPQ FKURPDWRJUDSK\ XVLQJ DQ $PLQRFKURP ,, DPLQR DFLG DQDO\VHU�

DIWHU SURWHLQ UHPRYDO ZLWK ��� SHUFKORULF DFLG� QHXWUDOLVDWLRQ ZLWK .2+� FHQ�

WULIXJDWLRQ� DQG XSWDNH LQ FLWUDWH EXIIHU�

&RPSRVLWLRQ RI WKH GDLO\ UDWLRQ RI FRZV�

0DL]H VLODJH ���� NJ

$OIDOID KD\ ��� NJ

&RPSRXQG ��� NJ

&RPSRVLWLRQ RI WKH FRPSRXQG� 1XWULHQW FRQWHQW RI WKH GDLO\ UDWLRQ�

0DL]H ����� 'U\ PDWWHU ���� NJ

:KHDW ����� 1(O ���� 0-

6R\EHDQ PHDO ���� &UXGH SURWHLQ ������ J

9LWDPLQ DQG PLQHUDOV SUHPL[ ���� 0HWKLRQLQH ���� J

7RWDO ������ &\VWLQH ���� J

&UXGH ILEUH ������ K

&UXGH ILEUH LQ GU\ PDWWHU �����

&D �����

3 ����

,Q H[SHULPHQWDO SHULRGV � DQG �� ���� J '/�PHWKLRQLQH DQG ���� J 0H�

SURQ 0 ��� UHVSHFWLYHO\� ZDV PL[HG WR WKH DERYH UDWLRQ� ,Q WKH �
VW

DQG �
QG

SKDVH

RI WKH H[SHULPHQW� WKH '/�PHWKLRQLQH DQG WKH 0HSURQ 0 �� VXSSOHPHQWV ZHUH

PL[HG LQWR WKH FRZV¶ GDLO\ UDWLRQ DQG FRQVXPHG IXOO\ E\ WKH DQLPDOV�

7KH UXPHQ VWDELOLW\ RI 0HSURQ 0 �� ZDV H[DPLQHG DOVR LQ D SHULRGLFDO

WULDO ZLWK � UXPHQ� DQG GXRGHQXP�ILVWXODWHG JURZLQJ EXOOV RI ��� � �� NJ DYHU�

DJH ERG\ ZHLJKW� 7KH EXOOV ZHUH +XQJDULDQ )OHFNYLHK î +ROVWHLQ )ULHVLDQ 5�

FURVVHV� 7KH WULDO LQFOXGHG RQH FRQWURO DQG WZR H[SHULPHQWDO SHULRGV� ,Q WKH WZR

H[SHULPHQWDO SHULRGV� '/�PHWKLRQLQH DQG 0HSURQ 0 �� ZDV DGGHG WR WKH GLHW RI

DQLPDOV� UHVSHFWLYHO\� (DFK SHULRG ODVWHG IRU �� GD\V� SUH�IHHGLQJ ZDV RI �� GD\V

GXUDWLRQ DQG WKH PHDVXULQJ SHULRG ODVWHG � GD\V� 2Q WKH ILUVW DQG WKLUG GD\V RI

WKH PHDVXULQJ SHULRG� GXRGHQDO FK\PXV ZDV FROOHFWHG IRU �� K� 'XULQJ WKHVH SH�

ULRGV� WKH TXDQWLW\ RI FK\PXV SDVVLQJ WKURXJK WKH GXRGHQXP LQ �� K ZDV PHDV�

XUHG YLD UH�HQWUDQW FDQQXODV DQG DOLTXRW VDPSOHV ZHUH WDNHQ�

7RWDO PHWKLRQLQH FRQWHQW RI WKH FK\PXV ZDV GHWHUPLQHG E\ K\GURO\VLV

ZLWK � 0 K\GURFKORULF DFLG LQ D PLFURZDYH HTXLSPHQW �0LOHVWRQH 0/6�����

0(*$�� 7KH WLPH RI K\GURO\VLV ZDV �� PLQ DQG WKH SHULRGV ZHUH � PLQ DW

��� : DQG� DIWHU D ��PLQ LQWHUYDO� � PLQ DW ��� : DQG DW ��� :� UHVSHFWLYHO\�

DQG � PLQ DW ��� :�
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%DVHG RQ WKH PHWKLRQLQH FRQWHQW RI VDPSOHV DQG WKH TXDQWLW\ RI FK\PXV

SDVVLQJ WKURXJK WKH GXRGHQXP� WKH DPRXQW RI PHWKLRQLQH JHWWLQJ LQWR WKH GXR�

GHQXP GXULQJ �� K ZDV FDOFXODWHG�

&RPSRVLWLRQ RI WKH GDLO\ UDWLRQ RI JURZLQJ EXOOV�

*UDVV KD\ ��� NJ

&RPSRXQG ��� NJ

&RPSRVLWLRQ RI WKH FRPSRXQG� 1XWULHQW FRQWHQW RI WKH GDLO\ UDWLRQ�

0DL]H ������ 'U\ PDWWHU ��� NJ

:KHDW ������ 1(P ���� 0-

([WUDFWHG VXQIORZHU PHDO ����� 1(J ���� 0-

)HHG OLPH ����� &UXGH SURWHLQ ����� J

)HHG VDOW ����� 0HWKLRQLQH ���� J

9LWDPLQ DQG PLQHUDOV SUHPL[ ����� &\VWLQH ���� J

7RWDO ������� &D ���� J

3 ���� J

,Q WKH H[SHULPHQWDO SHULRGV � DQG �� ���� J '/�PHWKLRQLQH DQG ���� J

0HSURQ 0 ��� UHVSHFWLYHO\� ZDV DGGHG WR WKH FRPSRXQG�

7KH HIIHFW RI 0HSURQ 0 �� RQ PLON SURGXFWLRQ ZDV VWXGLHG ZLWK �� +XQ�

JDULDQ )OHFNYLHK î +ROVWHLQ�)ULHVLDQ FRZ SDLUV� 7KH FRZV ZHUH NHSW LQ JURXSV�

:KHQ IRUPLQJ FRZ SDLUV� WKH IROORZLQJ DVSHFWV ZHUH FRQVLGHUHG� �L� 1XPEHU RI

ILQLVKHG ODFWDWLRQV� �LL� PLON SURGXFWLRQ LQ WKH SUHYLRXV ODFWDWLRQ� �LLL� 'D\V IURP

FDOYLQJ XQWLO WKH VWDUW RI H[SHULPHQW� �LY� +ROVWHLQ�)ULHVLDQ JHQH UDWLR� �Y� PLON

SURGXFWLRQ DW WKH EHJLQQLQJ RI WKH WULDO�

7KH SDUDPHWHUV OLVWHG DERYH ZHUH DV IROORZV�

([SHULPHQWDO

JURXS

&RQWURO

JURXS

1XPEHU RI WKH ILQLVKHG ODFWDWLRQV ��� ���

0LON SURGXFWLRQ LQ WKH SUHYLRXV ODFWDWLRQ� NJ ���� ����

'D\V IURP FDOYLQJ XQWLO WKH VWDUW RI H[SHULPHQW ���� ����

+ROVWHLQ�)ULHVLDQ JHQH UDWLR� � ���� ����

0LON SURGXFWLRQ DW WKH EHJLQQLQJ RI WULDO� NJ�GD\ ���� ����

7KH WZR JURXSV ZHUH IHG WKH GDLO\ UDWLRQV VKRZQ LQ 7DEOH ��
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7DEOH �

&RPSRVLWLRQ DQG QXWULHQW FRQWHQW RI WKH GDLO\ UDWLRQV RI GDLU\ FRZV

([SHULPHQWDO JURXS &RQWURO JURXS

0DL]H VLODJH NJ ����� �����

$OIDOID KD\ODJH NJ ���� ����

*UHHQ DOIDOID NJ ���� ����

$OIDOID KD\ NJ ���� ����

%UHZHU¶V JUDLQV� ZHW NJ ���� ����

%DUOH\ PHDO NJ ���� ����

3UHPL[ NJ ���� ����

3URWHLQ FRPSRXQG NJ ���� ����

1XWULHQW FRQWHQW RI WKH GDLO\ UDWLRQV�

'U\ PDWWHU NJ ����� �����

1(O 0- ������ ������

&UXGH SURWHLQ J ������� �������

0HWKLRQLQH J ����� �����

&\VWLQH J ����� �����

&UXGH ILEUH J ������� �������

&UXGH ILEUH LQ GU\ PDWWHU � ����� �����

&D J ������ ������

3 J ����� �����

&RPSRVLWLRQ RI WKH SURWHLQ FRPSRXQG� VR\EHDQ PHDO ������ 0&3 �PRQR�FDOFLXP SKRVSKDWH�

����� IHHG OLPH �&D &2�� ����� VDOW ����� YLWDPLQ DQG PLQHUDOV SUHPL[ ����� WRWDO� ������

&RZV LQ WKH H[SHULPHQWDO JURXS ZHUH IHG ���� J 0HSURQ 0 �� GDLO\�

7KH PLON SURGXFWLRQ RI HDFK JURXS ZDV PHDVXUHG GDLO\ DQG PLON FRPSR�

VLWLRQ ZDV GHWHUPLQHG RQ WKH EDVLV RI SRROHG PLON RI WKH JURXSV WZLFH D ZHHN IRU

�� GD\V�

6WDWLVWLFDO DQDO\VLV RI GDWD ZDV SHUIRUPHG E\ WKH SURJUDP 6WDWLVWLFD RI

6WDW6RIW� ,QF� ����� (DVW ��
WK

6WUHHW� 7XOVD� 2. ������ 86$��

5HVXOWV

7KH UHVXOWV RI LQ VLWX H[SHULPHQWV ZLWK 0HSURQ 0 �� DUH VKRZQ LQ 7DEOH ��

,W FDQ EH FRQFOXGHG WKDW PHWKLRQLQH ORVV JUHZ UHODWLYHO\ IDVW LQ WKH ILUVW

� K RI LQFXEDWLRQ DQG WKHQ GHJUDGDWLRQ RI 0HSURQ 0 �� LQ WKH UXPHQ VORZHG

GRZQ� $OPRVW KDOI ������� RI WKH WRWDO GHJUDGDWLRQ ZDV PHDVXUHG LQ WKH ILUVW � K

RI LQFXEDWLRQ� $IWHU �� K RI LQFXEDWLRQ� ����� RI WKH RULJLQDO PHWKLRQLQH FRQWHQW

ZDV IRXQG LQ 0HSURQ 0 ��� ,Q UHDOLW\� SUREDEO\ D ODUJHU DPRXQW RI PHWKLRQLQH

OHDYHV WKH UXPHQ ZLWKRXW GHJUDGDWLRQ� VLQFH IHHGVWXIIV GR QRW VWD\ LQ WKH UXPHQ

IRU �� K LQ WKH FDVH RI LQWHQVLYH IHHGLQJ� ,Q JHQHUDO� SURWHFWHG PHWKLRQLQH LV IHG
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WR KLJK�\LHOGLQJ GDLU\ FRZV� HVSHFLDOO\ LQ WKH ILUVW WKLUG RI ODFWDWLRQ ZKHQ �� RI

WKH UXPHQ FRQWHQW HVFDSHV SHU KRXU EHFDXVH RI LQWHQVLYH IHHGLQJ� VR WKH GDLO\ UD�

WLRQ VWD\V LQ WKH UXPHQ IRU ��±�� K LQ DYHUDJH� 7KHUHIRUH� ��±��� RI WKH PH�

WKLRQLQH FRQWHQW RI 0HSURQ 0 �� HVFDSHV IURP WKH UXPHQ ZLWKRXW GHJUDGDWLRQ�

7DEOH �

:HLJKW DQG PHWKLRQLQH ORVV RI 0HSURQ 0 �� LQ WKH UXPHQ

,QFXEDWLRQ WLPH� KRXUV :HLJKW ORVV� � 0HWKLRQLQH ORVV� �

� ���� � ���� ���� � ����

� ����� � ���� ����� � ����

� ����� � ���� ����� � ����

� ����� � ���� ����� � ����

�� ����� � ���� ����� � ����

�� ����� � ���� ����� � ����

�� ����� � ���� ����� � ����

7KHUH DUH YDULRXV GDWD LQ WKH OLWHUDWXUH DERXW WKH UXPHQ�VWDELOLW\ RI GLIIHU�

HQW E\SDVV PHWKLRQLQH SURGXFWV� ,Q WKH H[SHULPHQWV RI .DXIPDQQ DQG /�SSLQJ

������� ��±��� RI WKH PHWKLRQLQH FRQWHQW RI WKH VWXGLHG E\SDVV PHWKLRQLQH

SURGXFWV ZDV GHJUDGHG LQ WKH UXPHQ� $FFRUGLQJ WR WKH UHVXOWV RI 0DWH �������

RQO\ ��� RI PHWKLRQLQH ZDV GHJUDGHG LQ WKH FDVH RI K\GUR[\�PHWK\O�PHWKLRQLQH

�+00�&D� DQG .HWLRQLQ�

7KH IUHH PHWKLRQLQH OHYHO RI WKH EORRG SODVPD VKRZHG WKDW WKH PHWKLRQLQH

FRQWHQW RI 0HSURQ 0 �� LQGHHG HVFDSHG IURP WKH UXPHQ ZLWKRXW GHJUDGDWLRQ DQG

WKDW WKH FRDW VXUURXQGLQJ PHWKLRQLQH JUDQXOHV GHFRPSRVHV LQ WKH DERPDVXP DQG

VPDOO LQWHVWLQH� 6XSSOHPHQWDWLRQ ZLWK ���� J '/�PHWKLRQLQH DQG ���� J 0HSURQ

0 �� LQFUHDVHG WKH IUHH PHWKLRQLQH OHYHO RI WKH EORRG SODVPD IURP ����� �PRO�/

LQ WKH FRQWURO SHULRG WR ����� �PRO�/ DQG ����� �PRO�/� UHVSHFWLYHO\� ,Q WKH FDVH

RI 0HSURQ 0 ��� WKH PHWKLRQLQH LQFUHPHQW RI ��� ZDV IRXQG WR EH VLJQLILFDQW

�S � ������ /LNH LQ WKLV VWXG\� VXSSOHPHQWDWLRQ ZLWK E\SDVV PHWKLRQLQH �+00�&D�

LQFUHDVHG IUHH PHWKLRQLQH FRQWHQW RI WKH EORRG LQ WKH H[SHULPHQWV RI .RFK DQG

7DQQHU ������ DQG 6SLHNHUV ������ DV ZHOO� +DJHPHLVWHU ������ IRXQG WKDW IHHGLQJ

�� J E\SDVV PHWKLRQLQH LQFUHDVHG IUHH PHWKLRQLQH FRQWHQW RI EORRG DW WKH VDPH UDWH

DV GLG �� J '/�PHWKLRQLQH LQIXVHG LQWR WKH DERPDVXP�

7KH DVVXPSWLRQ DERXW WKH VWURQJ SURWHFWLRQ RI 0HSURQ 0 �� LV VXSSRUWHG DOVR

E\ WKH UHVXOWV RI WULDOV FRQGXFWHG ZLWK JURZLQJ FDWWOH �7DEOH ��� :KHQ WKH GDLO\ UDWLRQ

ZDV VXSSOHPHQWHG ZLWK �� J '/�PHWKLRQLQH� WKH DPRXQW RI PHWKLRQLQH JHWWLQJ LQWR

WKH GXRGHQXP LQFUHDVHG E\ ���� J ������� LQ �� K DV FRPSDUHG WR WKH FRQWURO SHULRG�

7KLV VKRZHG WKDW PHWKLRQLQH ZDV QRW GHJUDGHG FRPSOHWHO\ LQ WKH UXPHQ� .DXIPDQQ

DQG /�SSLQJ ������ DOVR IRXQG WKDW ��� RI '/�PHWKLRQLQH VXSSOHPHQWDWLRQ EHFDPH
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GHJUDGHG LQ WKH UXPHQ� $GGLWLRQ RI ���� J 0HSURQ LQFUHDVHG WKH TXDQWLW\ RI PH�

WKLRQLQH JHWWLQJ LQWR WKH VPDOO LQWHVWLQH E\ ���� J �������� ZKLFK LQFUHDVH ZDV VLJ�

QLILFDQW� ,W LV OHVV WKDQ WKDW ZDV VXVSHFWHG RQ WKH EDVLV RI WKH LQ VLWX UHVXOWV�

7DEOH �

(IIHFW RI DGGLWLRQ RI '/�PHWKLRQLQH DQG 0HSURQ 0 ��

3HULRG

'U\ PDWWHU JHWWLQJ

LQWR WKH GXRGHQXP

J��� K

0HWKLRQLQH FRQWHQW

RI FK\PXV

J�NJ GU\ PDWWHU

0HWKLRQLQH JHWWLQJ

LQWR WKH GXRGHQXP

J��� K

&RQWURO ������� � ������ ���� � ���� ����� � ����

'/�PHWKLRQLQH ������� � ������ ���� � ���� ����� � ����

0HSURQ 0 �� ������� � ������ ���� � ���� ����� � ����

7KLV FDQ EH H[SODLQHG E\ WKH IROORZLQJ IDFWRUV� �L� ,Q JURZLQJ FDWWOH� DV D

UHVXOW RI WKH OHVV LQWHQVLYH IHHGLQJ RQO\ �±��� UDWKHU WKDQ ��� RI WKH IHHG HV�

FDSHG IURP WKH UXPHQ SHU KRXU� 7KHUHIRUH� WKH IHHG VWD\HG LQ WKH UXPHQ IRU ��±

�� K LQVWHDG RI ��±�� K� ZKLFK LQFUHDVHG PHWKLRQLQH ORVV IURP WKH E\SDVV SURG�

XFW� �LL� ,W LV SRVVLEOH WKDW LQ WKH ILUVW SDUW RI WKH GXRGHQXP �DW WKH VLWH RI WKH FDQ�

QXOD� RQO\ D SDUW RI WKH SURWHFWHG PHWKLRQLQH ZDV SUHVHQW LQ WKH FK\PXV EHFDXVH

WKH FRDWLQJ RI WKH 0 �� JUDQXOH KDG QRW EHHQ IXOO\ GHFRPSRVHG LQ WKH

DERPDVXP� $OWKRXJK WKH GLIIHUHQFH EHWZHHQ PHWKLRQLQH ORVVHV� GHWHFWHG LQ VLWX

DQG LQ YLYR� FDQ EH H[SODLQHG PDLQO\ E\ WKH OHVV LQWHQVLYH IHHGLQJ RI JURZLQJ

FDWWOH� WKH VHFRQG IDFWRU FDQQRW EH H[FOXGHG HLWKHU�

2XU UHVXOWV FRLQFLGH ZLWK WKRVH RI /DQJDU HW DO� ������ ZKR IRXQG �±���

RI PHWKLRQLQH LQ WKH GXRGHQXP ZKHQ E\SDVV PHWKLRQLQH �Q�VWHDUR\O�'/�

PHWKLRQLQH� ZDV IHG� GHSHQGLQJ RQ WKH W\SH DQG GRVH RI SURGXFW�

7KH UHVXOWV RI WKH ILHOG WULDO DUH VKRZQ LQ 7DEOH �� ,W FDQ EH FRQFOXGHG WKDW

GXULQJ WKH �� GD\V RI WKH WULDO �� J 0HSURQ 0 �� LQFUHDVHG GDLO\ PLON SURGXF�

WLRQ RI WKH H[SHULPHQWDO JURXS E\ ���� NJ RQ WKH DYHUDJH �S � ������ 7KHVH UH�

VXOWV FRLQFLGH ZLWK WKH ILQGLQJV RI RWKHU DXWKRUV� ,QFUHDVH RI PLON SURGXFWLRQ KDV

EHHQ UHSRUWHG DV DQ HIIHFW RI VXSSOHPHQWDWLRQ ZLWK 0HSURQ �.DXIPDQQ DQG

/�SSLQJ� ����� /HLEHWVHGHU HW DO�� ����� *�QWKHU DQG +DJHQD� ����� 6SLHNHUV�

������ )HHGLQJ RI RWKHU E\SDVV PHWKLRQLQH SURGXFWV DOVR LQFUHDVHG PLON SURGXF�

WLRQ �-RXUQHW DQG +RGHQ� ����� 6SURQGO\� ����� .�WKHU� ����� <DQJ HW DO�� ������

$OWKRXJK IDW FRQWHQW RI PLON ZDV KLJKHU LQ WKH H[SHULPHQWDO JURXS WKDQ LQ

WKH FRQWURO RQH� WKH GLIIHUHQFH GLG QRW SURYH WR EH VLJQLILFDQW� $W WKH VDPH WLPH�

VRPH DXWKRUV UHSRUWHG DQ LQFUHDVH RI PLON IDW FRQWHQW DIWHU DGGLWLRQ RI E\SDVV PH�

WKLRQLQH �%XUJVWDOOHU HW DO�� ����D� *�QWKHU DQG +DJHQD� ������ )HHGLQJ RI 0H�

SURQ 0 �� GLG QRW LQIOXHQFH PLON SURWHLQ FRQWHQW� %HFDXVH RI KLJKHU PLON SURGXF�
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WLRQ� PLON IDW DQG PLON SURWHLQ SURGXFWLRQ DOVR LQFUHDVHG LQ WKH H[SHULPHQWDO JURXS�

)RU PLON IDW� WKH LQFUHDVH ZDV VLJQLILFDQW �S � ������

7KHUH DUH VRPH UHSRUWV RQ WKH LQFUHDVH RI PLON IDW FRQWHQW DV WKH HIIHFW RI

IHHGLQJ E\SDVV PHWKLRQLQH �%XUJVWDOOHU� ����D� E� +DJHQD� ����� /HWWQHU� ������

,Q D SUHYLRXV H[SHULPHQW FRQGXFWHG E\ XV� IHHGLQJ RI +00�&D LQFUHDVHG QRW

RQO\ GDLO\ PLON IDW SURGXFWLRQ EXW PLON IDW FRQWHQW DV ZHOO �6FKPLGW HW DO�� ������

7DEOH �

(IIHFW RI 0HSURQ 0 �� RQ PLON SURGXFWLRQ DQG PLON FRPSRVLWLRQ

([SHULPHQWDO JURXS &RQWURO JURXS

0LON SURGXFWLRQ NJ �����D � ���� �����E � ����

0LON FRPSRVLWLRQ

'U\ PDWWHU � ����� � ���� ����� � ����

)DW � ���� � ���� ���� � ����

3URWHLQ � ���� � ���� ���� � ����

'DLO\ SURGXFWLRQ E\ PLON

'U\ PDWWHU NJ�GD\ ���� � ���� ���� � ����

)DW NJ�GD\ ����D � ���� ����E � ����

3URWHLQ NJ�GD\ ���� � ���� ���� � ����

D� E  YDOXHV ZLWK GLIIHUHQW VXSHUVFULSWV ZLWKLQ URZV DUH VLJQLILFDQWO\ GLIIHUHQW �S � �����

6RPH VFLHQWLVWV �&KDQGOHU HW DO�� ����� %XWWHU\ DQG )RXOGV� ����� /XQGTXLVW

HW DO�� ����E� H[SODLQ WKH LQFUHDVH RI PLON IDW SURGXFWLRQ E\ WKH EHQHILFLDO HIIHFW

H[HUWHG E\ E\SDVV PHWKLRQLQH RQ WKH DFWLYLW\ RI UXPHQ PLFUREHV� $FFRUGLQJ WR

RWKHU UHVHDUFKHUV �&KDPEHUODLQ DQG 7KRPDV� ����� +XEHU HW DO�� ������ KLJKHU

PLON IDW SURGXFWLRQ PD\ EH GXH WR WKH DYDLODELOLW\ RI PRUH PHWKLRQLQH IRU LQWHUPH�

GLDU\ PHWDEROLVP� ZKLFK SRVLWLYHO\ LQIOXHQFHV OLYHU DFWLYLW\ DQG IDW PHWDEROLVP�

7KH EHQHILFLDO HIIHFWV RI E\SDVV PHWKLRQLQH FDQ EH H[SODLQHG E\ GLIIHUHQW

UHDVRQV� 7KH ILUVW RI WKHVH VKRXOG EH WKH FODVVLFDO DPLQR DFLG HIIHFW� QDPHO\ WKDW

WKH IHHGLQJ RI PHWKLRQLQH HQKDQFHV SURWHLQ V\QWKHVLV� %H\RQG WKDW� VRPH VFLHQWLVWV

KDYH HVWDEOLVKHG WKDW PHWKLRQLQH DGGLWLRQ KDV D EHQHILFLDO HIIHFW RQ WKH DFWLYLW\ RI

UXPHQ PLFUREHV �/XQGTXLVW HW DO�� ����D� 3DWWHUVRQ DQG .XQJ� ������ LQFUHDVHV WKH

QXPEHU RI SURWR]RD �9X\VW HW DO�� ����� *�QWKHU DQG +DJHQD� ������ 0HWKLRQLQH

DOVR KDV D SRVLWLYH HIIHFW RQ OLSRSURWHLQ PHWDEROLVP �.RFK� ����� 'RLO� ������

,W FDQ EH FRQFOXGHG WKDW WKH E\SDVV PHWKLRQLQH SURGXFW 0HSURQ 0 �� KDV

VDWLVIDFWRU\ UXPLQDO VWDELOLW\ DQG� DV D UHVXOW RI LWV IHHGLQJ� WKH TXDQWLW\ RI PH�

WKLRQLQH JHWWLQJ LQWR WKH VPDOO LQWHVWLQH LQFUHDVHV� $V WKH PHWKLRQLQH VXSSO\ RI

FRZV LPSURYHV� PLON DQG PLON IDW SURGXFWLRQ LQFUHDVHV VLJQLILFDQWO\ LQ WKH ILUVW

WKLUG RI ODFWDWLRQ�
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$FNQRZOHGJHPHQW

7KH DXWKRUV H[SUHVV WKHLU VSHFLDO WKDQNV WR 'HJXVVD $* IRU VXSSRUWLQJ WKH H[SHULPHQWV�

5HIHUHQFHV

$5& ������� 7KH 1XWULHQW 5HTXLUHPHQWV RI 5XPLQDQW /LYHVWRFN� &RPPRQZHDOWK $JULFXOWXUDO %X�

UHDX[� )DUQKDP 5R\DO� 6ORXJK� 8� .�

%URGHULFN� *� $�� 6DWWHU� /� '� DQG +DUSHU� $� (� ������� 8VH RI SODVPD DPLQR DFLG FRQFHQWUDWLRQ

WR LGHQWLI\ OLPLWLQJ DPLQR DFLG IRU PLON SURGXFWLRQ� -� 'DLU\ 6FL� ��� ����±�����

%XUJVWDOOHU� *�� =\ZF]RN� +�� 0RUJDOOH� +� DQG /LQGQHU� -� 3� �����D�� =XP (LQVDW] YRQ JHVFK�W]�

WHP 6RMDSURWHLQ XQG 1�+\GUR[\PHWK\O�'/�0HWKLRQLQ�&DOFLXP LQ GHU )�WWHUXQJ YRQ KRFK�

OHLVWHQGHQ 0LOFKN�KHQ �� 0LWWHLOXQJ� =�FKWXQJVNXQGH ��� ���±����

%XUJVWDOOHU� *�� 6FKDOOHU� &KU� DQG =\ZF]RN� +� �����E�� =XP (LQVDW] YRQ JHVFK�W]WHP 6RMD�

SURWHLQ XQG 1�+\GUR[\PHWK\O�'/�0HWKLRQLQ LQ GHU )�WWHUXQJ YRQ KRFKOHLVWHQGHQ

0LOFKN�KHQ� �� 0LWWHLOXQJ� =�FKWXQJVNXQGH ��� ���±����

%XWWHU\� 3� -� DQG )RXOGV� $� 1� ������� $PLQR DFLG UHTXLUHPHQWV RI UXPLQDQWV� ,Q� +DUHVLJQ� 9�

DQG &ROH� '� -� $� �HGV� 5HFHQW $GYDQFHV LQ $QLPDO 1XWULWLRQ� %XWWHUZRUWKV� /RQGRQ�

&KDPEHUODLQ� '� *� DQG 7KRPDV� 3� &� ������� (IIHFW RI LQWUDYHQRXV VXSSOHPHQWV RI /�PHWKLRQLQH RQ

PLON \LHOG DQG FRPSRVLWLRQ LQ FRZV JLYHQ VLODJH�FHUHDO UDWLRQV� -� 'DLU\ 5HV� ��� ��±���

&KDQGOHU� 3� 7�� %URZQ� &� $�� -RKQVWRQ� 5� 3�� 0DFOHRG� *� .�� 0F&DUWK\� 5� '�� 0RV� %� 5��

5DNHV� $� +� DQG 6DWWHU� /� '� ������� 3URWHLQ DQG PHWKLRQLQH K\GUR[\ DQDORJ IRU GDLU\

FRZV� -� 'DLU\ 6FL� ��� ����±�����

&ODUN� -� +� ������� /DFWDWLRQDO UHVSRQVH WR SRVWUXPLQDO DGPLQLVWUDWLRQ RI SURWHLQ DQG DPLQR DFLGV�

-� 'DLU\ 6FL� ��� ����±�����

'DXJDDUG� -� ������� ,QYHVWLJDWLRQ RQ PHWKLRQLQH VXSSOHPHQW WR ODFWDWLQJ FRZV� 3K�'� 7KHVLV�

5R\DO 9HWHULQDU\ DQG $JULFXOWXUDO 8QLYHUVLW\� &RSHQKDJHQ�

'HJXVVD $QDO\WLN�$QDO\VLV ������� +DQDX�

'RLO� *� ������� (LQIOXVV YRQ 1�+\GUR[\PHWK\O�'/�0HWKLRQLQH�&D DXI 0LOFKOHLVWXQJ XQG NH�

WRVHUHOHYDQWH %OXWSDUDPHWHU EHL EHGDUIVJHUHFKW XQG UHVWULNWLY JHI�WWHUWHQ 0LOFKN�KHQ� 7KH�

VLV� 9HWHULQDU\ &ROOHJH� +DQQRYHU�

)LVFKHU� /� -� ������� 5HVSRQVH RI ODFWDWLQJ FRZV WR WKH LQWUDYHQRXV LQIXVLRQ RI DPLQR DFLGV� &DQ�

-� $QLP� 6FL� ��� ���±����

*�QWKHU� .� '� DQG +DJHQD� )� ������� 'HU (LQIOXVV HLQHV JHVFK�W]WHQ 0HWKLRQLQ�6XSSOHPHQWHV

DXI GLH 0LOFKOHLVWXQJ� .UDIWIXWWHU ��� ���±����

+DJHPHLVWHU� +� ������� 0HWKRGHQ ]XU 0HVVXQJ GHU 6FKXW]UDWH YHUVFKLHGHQHU 0HWKLRQLQIRUPHQ�

,Q� $NWXHOOH 7KHPHQ ]XU 7LHUHUQlKUXQJ XQG 9HUHGOXQJVZLUWVFKDIW� /RKPDQQ 7LHU�

HUQlKUXQJ� &X[KDYHQ� SS� ��±���

+DJHPHLVWHU� +� DQG .DXIPDQQ� :� ������� 3UREOHPH GHU (LZHLVVYHUVRUJXQJ YRQ +RFKOHLVWXQJV�

N�KHQ� ,Q� $NWXHOOH 7KHPHQ ]XU 7LHUHUQlKUXQJ XQG 9HUHGOXQJVZLUWVFKDIW� /RKPDQQ 7LHU�

HUQlKUXQJ� &X[KDYHQ� SS� ��±���

+DJHQD� )� ������� 8QWHUVXFKXQJHQ ]XP (LQIOXVV HLQHV ÄJHVFK�W]WHQ³ 0HWKLRQLQ 6XSSOHPHQWV DXI

YHUVFKLHGHQH /HLVWXQJPHUNPDOH EHL 0LOFKN�KHQ� 7KHVLV� $JULF� 8QLYHUVLW\ *|WWLQJHQ�

+XEHU� -� 7�� (PHU\� 5� 6�� %HUJHQ� :� *�� /LHVPDQ� -� 6�� .XQJ� /�� .LQJ� .� -�� *DUGQHU� 5� :�

DQG &KHFNHWWV� 0� ������� ,QIOXHQFHV RI PHWKLRQLQH K\GUR[\ DQDORJ RQ PLON IDW SURGXF�

WLRQ� EORRG VHUXP OLSLGV DQG SODVPD DPLQR DFLGV� -� 'DLU\ 6FL� ��� ����±�����

,OOJ� '� -�� 6RPPHUIHOG� '� -� DQG 6FKLQJRHWKH� '� -� ������� /DFWDWLRQDO DQG V\VWHPDWLF UHVSRQVHV WR WKH

VXSSOHPHQWDWLRQ RI SURWHFWHG PHWKLRQLQH LQ VR\EHDQ PHDO GLHWV� -� 'DLU\ 6FL� ��� ���±����
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-RXUQHW� 0� DQG +RGHQ� $� ������� 8WLOLVDWLRQ RI PHWKLRQLQH VXSSOHPHQWDWLRQ WR ODFWDWLQJ FRZV LQ

HDUO\ ODFWDWLRQ� ,QVWLWXW 1DWLRQDO GH 5HFKHUFKH $JULFROD� 3DULV�

.DXIPDQQ� :� DQG /�SSLQJ� :� ������� =XP (LQIOXVV YRQ 3URWHFWHG 3URWHLQ XQG +00�&D DXI GLH

/HLVWXQJ YRQ 0LOFKN�KHQ� =� 7LHUSK\VLRO�� 7LHUHUQlKU� )XWWHUPLWWHONGH ��� ���±����

.DXIPDQQ� :� DQG /�SSLQJ� :� ������� 3URWHFWHG SURWHLQV DQG SURWHFWHG DPLQR DFLGV IRU UXPL�

QDQWV ,Q� 0LOOHU� (� /�� 3LNH� -� +� DQG 9DQ (V� $� -� +� �HGV�� 3URWHLQ &RQWULEXWLRQ RI )HHG�

VWXIIV IRU 5XPLQDQWV� %XWWHUZRUWKV� /RQGRQ� SS� ��±���

.RFK� )� ������� $PLQRVlXUHQ LQ GHU :LHGHUNlQHUI�WWHUXQJ� 6ZLVV 9HW� �� ��±���

.RFK� )� DQG 7DQQHU� +� ������� =XP (LQIOXVV YRQ RUDO YHUDEUHLFKWHQ JHVFK�W]WHQ 0HWKLRQLQ DXI

GHQ 3ODVPDDPLQRVlXUHJHKDOW� /DQGZ� )RUVFKXQJ� 6RQGHUKHIW ��� ���±����

.�WKHU� .� ������� (UNHQQWQLVVH ]XP JHVFK�W]WHQ 0HWKLRQLQ� ,Q� $NWXHOOH 7KHPHQ ]XU 7LHUHU�

QlKUXQJ XQG 9HUHGOXQJVZLUWVFKDIW� /RKPDQQ 7LHUHUQlKUXQJ� &X[KDYHQ� SS� ��±���

/DQJDU� 3� 1�� %XWWHU\� 3� -� DQG /HZLV� '� ������� 1�VWHDUR\O�'/�PHWKLRQLQH� D SURWHFWHG PH�

WKLRQLQH VRXUFH IRU UXPLQDQWV� -� )RRG 6FL� $JULF� ��� ���±����

/HLEHWVHGHU� -�� 6WHLQEHUJHU� +� DQG 6WHLQEHUJHU� $� ������� (LQIOXVV YRQ JHVFK�W]WHP 0HWKLRQLQ DXI

HLQLJH /HLVWXQJVSDUDPHWHU YRQ 0LOFKN�KHQ� :LHQHU WLHUlUW]O� 0RQDWVVFKU� ��� ���±����

/HWWQHU� )� ������� (LQVDW] YRQ JHVFK�W]WHP 0HWKLRQLQ LQ GHU 0LOFKYLHKI�WWHUXQJ� 'HU

)|UGHUXQJVGLHQVW ��� ���±����

/XQGTXLVW� 5� *�� 2WWHUE\� '� (� DQG /LQQ� -� *� �����D�� ,QIOXHQFH RI WKUHH FRQFHQWUDWLRQV RI '/�PHWKLRQLQH

RUPHWKLRQLQH K\GUR[\ DQDORJ RQPLON \LHOG DQGPLON FRPSRVLWLRQ� -� 'DLU\ 6FL� ��� ����±�����

/XQGTXLVW� 5� *�� 6WHUQ� 0� '�� 2WWHUE\� '� (� DQG /LQQ� -� *� �����E�� ,QIOXHQFH RI PHWKLRQLQH K\GUR[\ DQD�

ORJ DQG'/�PHWKLRQLQH RQ UXPHQ SURWR]RD DQG YRODWLOH IDWW\ DFLGV� -� 'DLU\ 6FL� ��� ����±�����

0DWH� -� ������� ([WUD SURWHFWLRQ� 'DLU\ )DUPHU ��� ��±���

3DWWHUVRQ� -� $� DQG .XQJ� /� -U� ������� 0HWDEROLVP RI '/�PHWKLRQLQH DQG PHWKLRQLQH DQDORJV E\

UXPHQ PLFURRUJDQLVPV� -� 'DLU\ 6FL� ��� ����±�����

5RJHUV� *� /� DQG 0F/HD\� /� 0� ������� 5HVSRQVHV RI ODFWDWLQJ FRZV WR DERPDVDO LQIXVLRQ RI FD�

VHLQ� PHWKLRQLQH DQG JOXFRVH� 3URF� 1� =� 6RF� $QLP� 3URG� ��� ��±���

6FKHOOLQJ� *� 7�� &KDQGOHU� -� (� DQG 6FRWW� *� &� ������� 3RVWUXPLQDO VXSSOHPHQWDO PHWKLRQLQH

LQIXVLRQ WR VKHHS IHHG KLJK TXDOLW\ GLHWV� -� $QLP� 6FL� ��� ����±�����

6FKLHPDQQ� 5� ������� 0LOFKELOGXQJ� ,Q� *HEKDUGW� *� �HG�� 7LHUHUQlKUXQJ� 9(% 'HXWVFK� /DQG�

ZLUWVFKDIWVYHUODJ� %HUOLQ .DSLWHO �� ���±����

6FKPLGW� -�� &HQNYiUL� e� DQG .DV]iV� ,� ������� 8VH RI SURWHFWHG PHWKLRQLQH LQ WKH IHHGLQJ RI FRZV

�LQ +XQJDULDQ�� ÈOODWWHQ\pV]WpV pV 7DNDUPiQ\R]iV ��� ��±���

6FKPLGW� -�� 9iUKHJ\L� ,�� 9iUKHJ\L� -� DQG &HQNYiUL� e� ������� 3URSRVDO IRU D QHZ +XQJDULDQ

SURWHLQ HYDOXDWLRQ V\VWHP WR EH LQWURGXFHG LQ UXPLQDQW IHHGLQJ �LQ +XQJDULDQ�� ÈOODW�

WHQ\pV]WpV pV 7DNDUPiQ\R]iV ��� ���±����

6FKZDE� &� *�� 6DWWHU� /� '� DQG &OD\� $� %� ������� 5HVSRQVH RI ODFWDWLQJ GDLU\ FRZV WR DERPDVDO

LQIXVLRQ RI DPLQR DFLGV� -� 'DLU\ 6FL� ��� ����±�����

6SLHNHUV� +� ������� 8QWHUVXFKXQJHQ DQ 0LOFKN�KHQ �EHU GLH :LUNXQJ HLQHU =XODJH YRQ

ÄJHVFK�W]WHP³ 0HWKLRQLQ DXI 0LOFKOHLVWXQJ XQG HLQLJH .HQQJU|VVHQ LP %OXW� 7KHVLV� $J�

ULF� 8QLYHUVLW\ %RQQ�

6SURQGO\� 5� ������� )HHGLQJ H[SHULPHQW ZLWK FRDWHG PHWKLRQLQH WR ODFWDWLQJ GDLU\ FRZV� ,Q�

.�WKHU� .� �HG�� ������� (UNHQQWQLVVH ]XP JHVFK�W]WHQ 0HWKLRQLQ� $NWXHOOH 7KHPHQ ]XU

7LHUHUQlKUXQJ XQG 9HUHGOXQJVZLUWVFKDIW� /RKPDQQ 7LHUHUQlKUXQJ� &X[KDYHQ� SS� ��±���

9X\VW� $�� 9DQEHOOH� 0�� -RDVVDUW� -� 0� DQG %DJXHWWH� $� ������� 7KH HIIHFW RI PHWKLRQLQH K\GUR[\

DQDORJ VXSSOHPHQWDWLRQ RI WKH GLHW RQ WKH FRQFHQWUDWLRQ RI FLOLDWH SURWR]RD LQ WKH UXPHQ RI

VKHHS� =� 7LHUSK\VLRO�� 7LHUHUQlKU� )XWWHUPLWWHONGH ��� ���±����

<DQJ� &� 0� -�� 6FKLQJRHWKH� '� -� DQG &DVSHU� '� 3� ������� 3URWHFWHG PHWKLRQLQH DQG KHDW�WUHDWHG

VR\EHDQ PHDO IRU KLJK SURGXFLQJ GDLU\ FRZV� -� 'DLU\ 6FL� ��� ����±�����


